This study reports on the acquisition of quantity contrasts in Guina-ang Bontok, an indigenous language spoken in the Philippines. Four-year-old and 5-year-old children's perception and production of quantity contrasts were examined using a pair of names that contrast in the quantity of the medial nasal. Frequencies of the quantity contrast were also calculated using stories in Guina-ang Bontok. The results indicated that even though the overall frequency of geminate consonants was very low in Guina-ang Bontok, children clearly differentiated the single and geminate nasals in both perception and production. Guina-ang Bontok children's perception and production data resembled those of Finnish children although the frequency of the geminates was much lower in Guina-ang Bontok than in Finnish. Possible explanations for this are provided.
Introduction
Bontok is one of the Central Cordilleran languages spoken in Mountain Province in the northern Philippines (Lewis, Simons, & Fennig, 2015; Reid, 1974) . Guina-ang Bontok is a dialect of Central Bontok spoken in the Guina-ang barangay 1 located approximately 15 km north of Bontoc town, the capital of Mountain Province, on the island of Luzon (Reid, 1974) . Bontok belongs to the Malayo-Polynesian family of Austronesian languages, and is spoken by approximately 40,700 people (Lewis et al., 2015) . Guina-ang Bontok is classified as one of the indigenous languages by Philippine government agencies including the National Commission on Indigenous Languages (for discussion, see Reid, 2009 ). The name of the language will be spelled 'Guina-ang' with a hyphen in this article, following the current local orthographic practice. Other spellings of the same language include 'Guinaang' and 'Khinina-ang' (Reid, 1976) .
Many speakers of Guina-ang Bontok also speak Ilokano, and many understand and speak Tagalog and English (Reid, 2005) . Due to language contact, Guina-ang Bontok has undergone considerable changes over the last 50 years in phonology. In 1960, the consonant phonemes of Guina-ang Bontok were /p t k Ɂ b d ɡ m n ŋ l s w j / (Reid, 1963) . Now the consonant phonemes include /h r f ts kʰ/ due to a large number of loanwords from Ilokano, Tagalog, and English, and consequent phonemicization of formerly allophonic contrasts (Reid, 2005) .
All traditional Guina-ang Bontok consonants (/p t k Ɂ b d ɡ m n ŋ l s w j/) can appear either as short/singleton or as long/geminate (Reid, 1963 (Reid, , 1973 , and are analyzed phonologically as clusters of identical consonants, divided by a syllable boundary. A geminate consonant is phonetically realized as a long segment rather than as two separately articulated consonants, except for the voiced stop geminates. In the voiced stop geminates (/b.b/, /d.d/, /ɡ.ɡ/), since there is a syllable boundary between the two phonological segments, the first segment is a syllable coda and is realized as voiced. The second segment is a syllable onset and is realized as voiceless ([bf] or [vf] , [dʦ] , and [ɡkʰ], respectively). Thus, although there are voiced stop geminates phonologically, they are not long voiced stops phonetically. Kunnari, Nakai, and Vihman (2001) and Aoyama (2001) both compared the acquisition of quantity contrasts in Finnish and Japanese. Kunnari et al. (2001) studied productions of quantity contrast in adults and children (approximately 12-18 months of age) in Finnish and Japanese. Aoyama (2001) studied the perception and production of a quantity contrast (/n/ vs. /nn/) in Finnish and Japanese adults and children between 3 and 5 years of age. Both studies found that the quantity contrasts in adult productions were phonetically more distinct in Finnish than in Japanese, and that Finnish children seem to acquire the contrast at an earlier age than Japanese children. Both studies also reported that geminates are more frequent in Finnish than in Japanese (in mothers' speech in Kunnari et al., 2001 , and in children's books in Aoyama, 2001 ). In fact, quantity contrast is one of the first features of Finnish phonology that children seem to acquire starting from the prelexical period in perception and the first-word period in production (SaaristoHelin, Kunnari, & Savinainen-Makkonen, 2011) .
In adult production, the quantity contrast in /n/-/nn/ appears to be clearly distinguished phonetically in Finnish, Japanese, and Guina-ang Bontok. In Aoyama (2001) , production data in Finnish showed a greater distinction than in Japanese in absolute duration, in ratios between singleton and geminates, and in proportion of medial consonant in the whole word. The durational contrast between /n/ and /nn/ was smaller in Guina-ang Bontok observed in Aoyama and Reid (2006) (mean 67 vs. 144 ms, ratio 1:2.15) than either Finnish or Japanese in Aoyama (2001) . This may be due to methodological differences, because the words in Aoyama and Reid (2006) were multisyllabic words in Guina-ang Bontok produced in a frame sentence, compared to isolated word productions in Aoyama (2001) .
The purpose of this study is to report comparable data in Guina-ang Bontok for a cross-linguistic comparison of the acquisition of the quantity contrast in young children. Guina-ang Bontok, Finnish, and Japanese belong to three different language families. Finnish belongs to the Finnic group of Uralic languages, and Japanese belongs to the Japonic language family (Lewis et al., 2015) . Guina-ang Bontok belongs to the MalayoPolynesian family of Austronesian languages (Lewis et al., 2015) . In addition to the acquisition data, frequencies of geminate consonants were also calculated using stories in Guina-ang Bontok. Kunnari et al. (2001) and Aoyama (2001) both suggested that Finnish children acquire the quantity contrast in their language earlier than Japanese children due to clearer phonetic distinction in adult production and higher frequency of geminate consonants in Finnish than in Japanese. Based on these previous studies in Finnish and Japanese, it is hypothesized that frequency of quantity contrasts in a language is related to the age of mastery of the contrast. The frequency and acquisition data from Guina-ang Bontok will be compared to those reported in Finnish and Japanese (Aoyama, 2001; Kunnari et al., 2001) to test this hypothesis.
Method

Frequency in adult productions
The frequency of each consonant phoneme was calculated in adult speech using transcribed texts of oral stories in Guina-ang Bontok (Reid, 1992) . These stories were analyzed because child-directed speech samples or children's books were not available in Guina-ang Bontok. As retellings of oral stories are integral to intergenerational cultural transmission in this community, it was assumed that these readings would be similar to the type of speech that is used to address young listeners. Nine stories told by several different male speakers were used (Reid, 1992) . Two of these stories were commonly told fables and the others were stories about the speaker's personal experiences. The transcribed text contained roughly 3100 words. The transcribed stories were converted by the second author to a phonemic transcription. Then the transcriptions were formatted in CHAT (Codes for the Human Analysis of Transcripts) and analyzed using CLAN (Computerized Language ANalysis) (MacWhinney, 2000).
Children's perception and production
The data were collected from 13 children (6 males, 7 females) at a kindergarten and elementary school through fieldwork in Guina-ang in March 2000 (see Table 1 ). There were four 4-year-olds and nine 5-year-olds. Each child met individually with both authors and their teacher at their school. The second author, who is proficient in Bontok, and the teacher interacted with the child. The first author observed and occasionally interacted with the second author and/or the teacher in English. Each session was approximately 10 minutes and was audio-recorded with a Sony digital tape recorder and a Panasonic microphone. The first author was present for all the data collection sessions for the current study as well for Aoyama (2001) in Jyväskylä, Finland, and Osaka, Japan.
Attempts were made to collect data in as similar a manner to Aoyama (2001) as possible. The target words were two names, Ána and Anna that differ with respect to the medial nasal. The names were changed from Hana and Hanna in Aoyama (2001) to Ána and Anna, because /h/ is not a common phoneme in Guina-ang Bontok and does not typically occur in proper names. It should be noted that the first syllable in Ána is stressed and carries length, since it occurs in an open penultimate syllable. The first syllable in Anna is closed and cannot carry length, due to the phonological characteristics of Guina-ang Bontok.
Production task
Both perception and production data were collected from each child. First, the target names were introduced using pictures. The same pictures in Aoyama (2001) were used to identify Ána and Anna (e.g., Nan ngáchan nan na-ay ónga, si Ána. 'The name of this child is Ána'). Then the child was asked to answer questions for which the expected answers were either Ána or Anna. For example, a picture of Anna was shown, and the child was asked Ay ne kan nan ngáchanna? 'What is her name?'
Perception task
For perception, pictures of the two girls were shown at the same time, and the child was asked to point to the appropriate picture or answer questions about the picture. Example questions were Tedkem man si Ána. 'Point to Ána, please', or Ay ne kan nan ikamkaman Anna? 'What is Anna doing?' Each child was asked at least four questions that involved Ána and Anna. The responses were recorded as 'matching' if the child pointed to the picture of the intended name, or if the child said the name that was recognized as the intended name by the teacher or the second author. The adults who participated in Aoyama and Reid (2006) were also asked about Ána and Anna using the same set of pictures. All 10 adults responded correctly to the questions regarding Ána and Anna. Although there are no production data of Ána and Anna from these adults, their responses are reported for comparison in the current study.
Analysis
The recordings were digitized (22.05 Hz, 16-bit resolution), and the production data were analyzed acoustically using Praat (Boersma & Weenink, 2014) . Tokens were excluded from the analysis when there was overlapping noise, whispered or soft voice, or when the child's intention was not clear from the recordings. A total of 129 tokens of Ána and 111 tokens of Anna were measured (see Table 1 ), whereas 209 tokens were excluded. Several factors contributed to the high number of excluded tokens. First, the recordings were made at a local school, and there were many tokens that were not suitable for acoustic measurements. Second, the tokens were determined as Ána or Anna based on the context, not based on how the production sounded to the authors. Since the data were not video-recorded, responses to questions such as Ay ne kan nan ngáchanna? 'What is her name?' could not be determined if the child meant Ána or Anna. Responses to questions such as Síno nan maseséyep? 'Who is sleeping?' could be determined as Anna, because there was a picture of Anna sleeping.
In each production of Ána and Anna, the duration of the medial nasal and the vowels were measured using waveforms and wideband spectrograms with reference to the acoustic characteristics of the nasals and vowels (Kent & Read, 2002) . For the perception task, children's responses were recorded by observation notes and audiorecordings. A total of 76 responses from 13 children were analyzed for perception (see Table 1 ). Table 2 shows the frequency of singleton and geminate consonants in the Guina-ang Bontok stories. In general, this analysis showed that geminate consonants occur quite infrequently in Guina-ang Bontok (71 out of 10,112, 0.7%). The overall percentage was even lower (0.5%) when voiced stop geminates were excluded. As previously stated, phonological geminate voiced stop consonants are phonetically two distinct segments in Guina-ang Bontok. For the segment of interest in this study, /n/ vs. /nn/, there were 7 geminates (/nn/) and 2309 singletons (/n/) (0.3%). Table 1 also shows the number of responses given by each child for the perception task. Of 76 responses, 68 matched the adult speaker's intention (89.5%). For comparison, the four questions involving the two contrasting names were answered 100% correctly by the 10 adults who had participated in Aoyama and Reid (2006) . Table 3 summarizes the means and standard deviations of the absolute and proportional durations of each segment produced by the children. The proportional duration of each segment was calculated as the percentage of the duration of the entire word. Since some children had more productions than others (e.g., child 7 vs. child 1; see Table 1 ), the mean absolute and proportional durations were first computed for each segment for each child. The mean absolute and proportional durations for the 13 children were then statistically analyzed using t-tests.
Results
Frequency
Perception task
Production task
As shown in Table 3 , the durations of geminate nasals were longer than those of singleton nasals in both absolute and proportional durations. The singleton to geminate duration ratio based on the mean absolute durations was 1:1.98, indicating that the geminate nasal was almost twice as long as the singleton on average. The mean duration of the initial vowel was longer in Ána than in Anna. The mean durations of the final vowel were not statistically different between Ána and Anna.
Taken together, these results indicate that (1) geminate consonants are quite infrequent in Guina-ang Bontok, but that (2) singleton and geminate nasals are clearly differentiated in both children's perception and production. In frequency, geminate consonants constituted only 0.7% of the phoneme counts in the stories analyzed. In perception, children's responses matched the adult speaker's intended target nearly 90% of the time. In production, the geminate nasals were longer in absolute and proportional durations than the singletons.
Discussion
The results of this study showed that the 4-year-olds and 5-year-olds are clearly differentiating the single and geminate nasals in both perception and production, although the frequency of geminate consonants was extremely low in Guina-ang Bontok texts. The two target words, Ána and Anna, were clearly differentiated in the vowel durations and proportional durations of the segments in production as well. Frequency of geminate consonants was extremely low in Guina-ang Bontok (0.7%, see Table 2 ). The percentages of geminate consonants were reported to be at least 10% in Finnish and 5% in Japanese (Aoyama, 2001; Kunnari et al., 2001) . In Arabic, Khattab and Al-Tamimi (2014) reported that 28% of children's disyllabic target words contain geminates. Frequency of geminates in Guina-ang Bontok is by far the lowest among these languages. Thus, the results in children's perception and production were the opposite of our prediction based on Aoyama (2001) and Kunnari et al. (2001) .
These findings are unexpected, and we speculate on the possible reasons that contributed to the findings of this study. First, it should be acknowledged that the frequency count was conducted on a database of adult speech, and it may not be a representative sample of child-directed speech in Guina-ang Bontok. The second author notes that there are some words with geminates that are used by children, or used when talking to children (see Appendix 1 for examples). For example, numerals used in play counting by children contain geminates, while adult forms do not. There are a wide range of other common words with geminate consonants that children frequently hear.
Second, geminates mark certain grammatical functions in Guina-ang Bontok. Gemination of a medial consonant marks the plurals of adjectival forms (e.g., chanakker 'big, plural'; chakchaker 'big, singular'). All numerals use gemination as part of their derivations (e.g., esa 'one', es-essa 'one only', essa-essa 'one at a time'). Two of the frequent grammatical morphemes are infixes <um> 'actor voice', and <in> 'perfective aspect'. These infixes often result in geminates in conjugated forms, especially when the root word is monosyllabic (e.g., kan 'eat', kinnan 'ate', see Appendix 1).
Another possibility is that neighboring vowels contribute to a clear phonetic distinction of quantity of the medial consonant. As mentioned earlier, the initial vowel in Ána is stressed with accompanying length, while there is no phonemic stress in Anna. The first vowel in Ána was indeed longer than the first vowel in Anna (see Table 3 ). Thus, these names may not be minimally contrastive with regard to the quantity of the medial contrast in Guina-ang Bontok. While not all vowels preceding singleton medial consonants in Guina-ang Bontok are stressed and therefore long, the second author notes that quality of short vowels before a singleton (as in ana /Ɂa.na/ [Ɂana] 'now, today') are impressionistically not as lax as those that occur in closed syllables before a phonological geminate cluster (as in Anna /Ɂan.na/ [Ɂʌnːa]).
It is reported that neighboring vowels play a role in perceptual distinction of quantity distinction of medial consonants for both Finnish (Richardson, 1998) and Japanese (Idemaru & Guion, 2008) . In Finnish, the vowel following a geminate consonant is shorter than the vowel following a singleton, and is considered to be a secondary cue to quantity contrast (Richardson, 1998) . In Japanese, Idemaru and Guion (2008) showed that the vowel preceding a geminate stop is longer than the vowel preceding a singleton stop. Moreover, segmental durations are influenced by suprasegmental factors in Japanese, because there is a tendency to maintain equal length of the mora unit (Campbell, 1999; Han, 1994) . It is clear that neighboring segments and prosodic units interact with the phonetic realization of quantity contrasts in a complex manner. What makes cross-linguistic comparisons difficult is that the way these factors interact with one another is different in each language.
Characteristics of the input to children may also be an important aspect for the acquisition of quantity contrast. Regarding the later acquisition of quantity contrast in Japanese children compared to Finnish children, Kunnari et al. (2001) provided an 'impressionistic observation' that the segments could be lengthened freely in Japanese mothers' speech (p. 23). For example, the word happa 'leaf' can be pronounced as [hapːa] , [haːpːa] , [hapaː], or [haːpːaː] . Kunnari et al. argue that the lengthening of vowel segments such as this example does not occur in Finnish, which leads to the earlier mastery of the contrast.
The current study showed that Guina-ang Bontok children are clearly differentiating quantity contrasts in both perception and production at a similar age as native Finnish speakers and possibly earlier than native Japanese speakers (Aoyama, 2001; Kunnari et al., 2001) , although the frequency of the quantity contrast is much lower in Guina-ang Bontok compared to Finnish and Japanese. In Guina-ang Bontok, a wide variety of consonants can be geminates and the quantity contrast is phonetically clearly distinguished in adult speech (Aoyama & Reid, 2006) . Additional factors such as stress patterns, morphological functions, and common words with geminates are likely contributing to the saliency of geminate consonants in Guina-ang Bontok. As Saaristo-Helin et al. (2011) emphasized in their review of the acquisition of Finnish phonology, there are language-specific patterns in phonological acquisition that differ from well-studied languages such as English. Psycholinguistic data from Guina-ang Bontok in this study demonstrate that phonetic realization, phoneme frequency, and child acquisition can differ greatly among languages that have a similar phonological contrast. The differences found among Guina-ang Bontok, Finnish, and Japanese highlight the importance of studying the acquisition of understudied languages in the world.
